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FOREWORD

This booklet describes research carried out under sponsorship of the
Cognitive and Neural Sciences Division of the Office of Naval Research (ONR)
during fiscal year 1990. The Division’s research is organized in three programs:
Cognitive Science, Perceptual Science and Biological Intelligence. Each program
is described by an overview which is followed by thematic clusters of related
efforts. Each clister is cescribed by individual projects which were active during
1990.

This is one of several means by which we communicate and coordinate
our efforts with other members of the research-sponsoring and research-
performing communities. We encourage your comments about any feature of
this booklet or about the programs themselves. If you wish further information,
please do not hesitate to contact members of the staff listed in the Introduction.
We welcome vour interast in our programs and hope that you will continue to
keep us informed of related research efforts.

W. S. VAUGHAN, JR.
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INTRODUCTION

Cognitive and Neural Sciences Division programs are carried out under
contracts and grants awarded on the basis of proposals received in response to
a Broad Agency Announcement in the Commerce Business Daily. They are
evaluated on the scientific merit of the proposed research, the facilities available
for its conduct, the competence of the principal investigators, and relevance to
Navy needs. The elements that shape our research program are scientific gaps
and opportunities, and operational needs identified in Navy planning documents.
Our overall aim is to support quality science for the good of the Navy and the
nation.

Cognitive and Neural Sciences programs develop fundamental knowledge
about human capabilities and performance characteristics which guide Navy and
Marine Corps efforts to improve personnel assessments for selection and
classification, training, equipment and system designs for human operation and
maintenance. One goal is to provide scientific underpinning for more accurate
prediction and enhancement of human performance in training and operational
environments. A second goal is to understand the neurobiological constraints
and computational capabilities of neural information processing systems for
future device implementation. The Division has core programs in cognitive,
perceptual and reural sciences which seek to understand human behavior at
successively deeper levels of analysis. In addition, several Accelerated Research
Initiatives (ARI) are underway which complement and extend research topics of
interest to the core programs.

Most of the programs are basic in nature, with a selected augmentation of
exploratory development effort. This mix of basic and applied research is
developed and managed by the Division staff with the able assistance of the
other ONR scientists and with helpful guidance and advice from representatives
of various Navy and Marine Corps activities. The programs seek to involve
innovative civilian scientists in areas of research relevant to Navy and Marine
Corps interests, and by so doing provide new perspectives, new insights, and
new approaches to naval manpower, personnel, training, equipment and system
design problems. This arrangement provides channels for information to flow
back and forth between the civilian research community and the naval
community, each keeping the other abreast of new developments. The
emphasis is on the creation and exploitation of a cumulative scientific knowledge
base upon which new technologies can be developed to improve effectiveness of
Navy and Marine Corps men and women.

Continuous efforts are made to coordinate the Division’s research
proyiwm with other ONR Divisions, with in-house Navy Laboratories and Centers,
and with the research snonscred by other sgrvices and other agencies. We
work ciosely with Technology Area Managers in the Office of Naval Technology
(ONT), and with their Block Managers in Navy Laboratories and Centers to
facilitate transitions from basic to applied research.




The Cognitive and Neural Sciences Division is part of the Life Sciences
Directorate, which also includes the Biological Sciences Division. Dr. Steven F.
Zornetzer is Director of the Life Sciences Directorate, and Commander Charles J.
Schlagel is the Deputy Director for Life Sciences.
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DIVISION STAFF

The members of the statf of the Cognitive and Neural Sciences Division
are listed below:

DR. W. S. VAUGHAN, JR., DIVISION DIRECTOR
Telephone: (202) 696-4505

Cogritive Science Research Programs

Dr. Susan E. Chipman, Program Manager
Dr. Charles E. Davis
Telephone: (202) 696-4318

Perceptual Science Research Programs

Dr. Harold L. Hawkins, Program Manager
Dr. John J. O'Hare *

Dr. Teresa A. McMullen

Mr. Gerald S. Malecki

Telephone: (202) 696-4323

Biological Intelligence Research Programs
Dr. Joel L. Davis, Program Manager
Dr. Donald P. Woodward

Dr. Thomas M. McKenna
Telephone: (202) 636-4744

* Retired during 1990.
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COGNITIVE SCIENCE

The Cognitive Science research program of the Office of Naval Research
aims to provide a theoretical understanding of the human learner and performer
in the domain of complex cognitive skills. This general goal unfolds into several
interrelated more specific objectives. First, to provide a theory of the
fundamental characteristics of the learner and performer as an information
processing system, including a theory of the basis of individual differences in
cognitive abilities. Second, to provide a theory of the nature of acquired
knowledge and skill involved in performing complex problem-solving and
decision-making tasks. Third, to provide a cognitive learning theory that can
account for the way in which such complex, structured bodies of knowledge and
skill are acquired. Fourth, to provide a precise theory of instruction, founded on
cognitive theory, to be used to guide effective education and training of complex
cognitive skills such as those involved in performing Naval duties. Finally, this
research program aims to provide theoretical foundations for personnel testing
and assessment. Research in Cognitive Science is expected to lead to the
design of efficient instructional systems across a range of content domains of
interest to Navy and Marine Corps training programs, to the development of
efficient and accurate computer-based personnel assessment systems, and to
the design of expert advisory systems compatible with human intellectual
characteristics.

The Human Learner: Cognitive Architectures and Abilities

Research aimed at discovering and characterizing the stable features of the
human learner emphasizes later stages of information processing--cognition
rather than perception. This cluster of projects is developing theories for the
functional architecture of cognition, including subtheories for memory and
elemental cognitive processing operations. Current priorities emphasize the use
of neural evidence to constrain theories of cognitive architecture. Results of
research in this cluster will provide sound theoretical bases for personnel testing
and selection, and for the individualization of instructional treatments based on
accurate diagnosis of cognitive capacities.

Knowledge, Skill and Expertise

Research on knowledge and expertise aims at formal theories of complex
human skill. The program emphasizes the expression of theories in the formal
languages provided by mathematics and computer science and includes
empirical tests of developed models. Projects target a wide range of complex
skills, emphasizing problem-solving and decision-making, so that a general
theory can evolve. Research results are intended to provide a general model for
skill analysis that can be used to design appropriate training or expert advisory
systems.




Learning and Instruction

Research on Learning and Instruction aims to produce a knowledge-rich
thecry or learning that integrates results of work in the prior clusters and
develops a coordinated instructional theory that explains how to produce change
-- learning -- in desired directions. Under the Knowledge Acquisition ARI, there is
currently @ major emphasis on Al-based models of complex human learning.
Artificially intelligent, computer-assisted instructional systems as well as more
conventional instructional settings are the application areas for the program. In
addition, projects are supported which involve either fundamental advances in Al
bases for intelligent tutoring or the use of intelligent tutoring systems as a
laboratory for investigation into general issues of learning and instruction.

Model-based Measurement

Research in this cluster is developing a technology for constructing verifiable
empirically-based models of eminent aspects of performance which lead to
robust item-ievel predictions on complex cognitive tasks. For domains for which
cognitive science provides detailed qualitative explanations of performance in
terms of well-defined mental structures and processes, research is developing a
technology for linking task performance to a taxonomy of those structures and
processes. This research provides the technology base for improvements to the
testing components which constitute the heart of Navy and Marine Corps
personnel and training systems in which case-by-case decisions are made. This
includes systems for personnel selection and classification, for career
counselling, for the design/selection of instructional interventions, for
performance aiding, for certification and for performance evaluatiuii. As the Navy
modernizes those systems to take advantage of potential improvements in a
computer-based workplace, this research is providing the wherewithal for
fundamental improvements to those systems through fundamental improvements
to their measurement components.




PERCEPTUAL SCIENCE

Research in the Perceptual Science program emphasizes issues of
perceptual primitives and their representations and transformations in the
domains of vision, audition, touch and manipulation, multimodal irtegration, and
the control of motor activity. Research results are expected to transition to Navy
and Marine Corps systems in the form of enhanced technologies for human
factors engineering, machine vision, acoustic signal classification, adaptive
filtering, and dexterous manipulators for autonomous and teleoperated vehicles.

Vision and Visual Attention

Vision is viewed as a computational process and projects in this cluster
smphasize interdisciplinary approaches. Mathematical models are constrained
by neurophysiological evidence and tested by psychophysical experiments.
Focus is on modeling early, intermediate, and late-visual processes that construct
and recognize visual forms and integrate these forms into complex visual
representations. A second thrust inquires into the nature of neural mechanisms
of control. In their more evalved farms, visual systems contain special
modulatory mechanisms that enable them to adjust quickly and adaptively to
momentary fluctuations in environmental demand. These are the neural control
mechanisms underlying attention and arousal. Interest within this cluster is on
empirical research in human visual performance, neuroanatomy,
neurophysiology, and neuropsychology aimed at investigation of the control
structures and circuitries underlying visual attention, and the neurochemical
modulators governing attentional processing.

Audition

In audition, research projects examine the processing of steady state,
transient, and reflected acoustic signals, and model the concurrent processing of
complex sound properties and interactions. Current emphasis is on
understanding and modeling the classification processes of human listeners,
augmented by neurophysiological evidence wom other biological species with
interesting auditory capabilities and the signal processing capabilities of artificial
neural nets.

Haptics and Sensory Guided Motor Control

Sensory guided motor control is a new area of interest in Perceptual Science.
Emphasis is on experimental and theoretical studies of the fundamental issues of
coordinated motor function, including the computational bases of force control,
and the timing and sequencing of action. Special emphasis is given to work
investigating the processes through which sensory information functions as an
adaptive guide to coordinated action. Interdisciplinary research is encouraged in
psychology, neuroscience, and computer science to achieve an understanding of
sensory guided motor control that will contribute toward enhancement of action
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adaptability within robotic systems.

The processing of tactile and kinesthetic information in object recognrition is a
related area of interest in this cluster. Priority research issues include the
identification of perceptual primitives, neural network models for tactile
processing in somatosensory centers, and perceptual mechanisms that mediate
inferential judgments about object properties, classifications and function.
Interdisciplinary research is encouraged in psychology neurophysiolcgy and
computer science with the goal of understanding the haptic system in order to
provide future robotic devices with intelligent hands.

Human Factors Technology

The work described in this cluster constitutes an Exploratory Development
project which is designed to extend the basic research program in Perceptual
Science toward applications in Naval systems. Currently the project consists of
applied research in three topic areas: decision making in command and control
systems; teleoperated and robotic systems; and acoustic signal analysis.
Current work in the command an~ control area investigates information
processing and decision-making i Naval mission planning, airborne ASW, and
sonar signal analysis. Work in teleoperation and robotics seeks to deveiop the
conceptual and technical bases for extending human-like sentience and dexterity
into previously unattainable and hazardous underwater environments. Work on
acoustic signal analysis aims to develop improved techniques for the detection,
localization, and classification of active and passive sonar signalc
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BIOLOGICAL INTELLIGENCE

Biologicai Intelligence programs foster research to elucidate the organization,
structural bases, and operational algorithms characterizing information
processing networks within neural - ystems. The goal is to uncover neura!
architectures and algorithms that can profitacly be emulated technologically to
yield artificial inforr ..ion processing capabilities of kinds now unique to biological
systems. These neural architectures 'may be derived from either sensory-,
motoric- or cognitively-rclated structures. Overall, the program of research seeks
to uncover the organizational principles and operational rules exploited within
neural networks to compute intelligent functions, and to emulate these network
characteristics within electronic information processing systems.

Computation in Large Neural Networks

This research examines the global dynamiice ¢f biclogical neural networks
compused of large numbers of neurons. The goal of this research is a formal
description and simulation of the biological computations underlying information
processing, learning and cognition in order to desian electronic information
processing systems with these network characteristics.

Chemical Modulators of Information Processing

This cluster of researct explores the mechanisms by which neurochemical
modulators and neurctransmitters enable neural plasticity, modify information
processing, and alter network dynamics.

Neural Processing of Sensory Information

This research is concerned *+ith the functional organization of sensory
neocortex, the computations performed in sensory cortical networks, and the
adaptive plasticity of these networks evident at the level of the neuronal receptive
fields. Sensory processing is studied in vision, audition, olfaction, touch and
motor control.

Local Neural Circuit Interaction

This research advances our ur.Jderstanding of the elements of neural circuits,
the individual neurons, by investigating neuronal biophysics and small ensembles
of neurons. This research encompasses investigations of the integrative
cap:.ities of the dendritic branching structure of neurons, the rules which govarn
modification of synaptic strength. and *e role of membrane electrical properties
in information processing and neura: plasticity.
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Behavioral Immunology

This program is an Accelerated Research Initiative jointly funded by the
Biological Sciences and the Cognitive and Neural Sciences Divisions. The
program aims at understanding the processes, both biological and psychological,
by which life stresses come to influence the functions of the immune system and
susceptibility to illness. The projects described are those currently managed by
this Division.
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MANPOWER, PERSONNEL AND TRAINING RESEARCH AND
DEVELOPMENT PROGRAM

This is an interdisciplinary program of exploratory development managed by
Dr. Stanley Collyer in the OCNR Office of Naval Technology. Scientific Officers
for these projects are located in the Cognitive and Neural Sciences Division and
in the Mathematics Division of the Office of Naval Research. Projects which are
closely related to the primary emphases of the Cognitive and Neural Sciences
Division have been grouped with the related basic research projects, identified by
the notation that funds have been provided by ONT Code 222. In this section,
there are descriptions of projects addressing unique priorities of the MPT
program. This report includes descriptions only for those contracts managed by
a Scientific Officer in the Cognitive and Neural Sciences Division.

This program is closely coupled with the operating arms of the Navy and
Marine Corps through the mechanism of a planning committee, whose members
include ONR Scientific Officers, the Naval Civilian Personnel Command, the Naval
Military Personnel Command, the Navy Recruiting Command, the Navy Personnel
Research and Development Center, several directorates in the Office of the Chief
of Naval Operations, and the Navy Secretariat.

UNIVERSITY RESEARCH INITIATIVE: DECISION MAKING IN
HIERARCHICAL TEAMS

This is a special program of basic research developed under the
Department of Defense Research Initiation Program within the University
Research Initiative. Emphasis is on theory development, variable definition and
measurement approaches, modeling and experimentation to deepen our
understanding of how coordination is achieved and maintained by hierarchical
decision-making teams in stressful environments. This section characterizes the
six awards made in FYS0 to explore issues in hierarchical team decision making.

A parallel program of exploratory development research was begun by
ONT Code 222 during FY90, Tactical Decision Making Under Stress (TADMUS).
Mechanisms to insure close coordination between these two programs have
been put in place to strengthen transition opportunities.
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COGNITIVE SCIENCE

THE HUMAN LEARNER: COGNITIVE
ARCHITECTURES AND ABILITIES




TITLE: Learning and Individual Differences: An
Ability /Information-Processing Framework for Skill
Acquisition

PRINCIPAL INVESTIGATOR: Pnhillip L. Ackerman
University of Minnesota
Department of Psychology
(612) 625-9812

R&T PROJECT CODE: 4422543
CONTRACT NO: N0001489J1974
CURRENT END DATE: 31 JUL 1992

Objective:

The objective is to investigate the relationship between measures of various psychometric
abilities and the course of acquisition of skills of various types: percentual-motor skills,
cognitive skills with minimal perceptual-motor components, and fine motor coordination
skills.

Approach:

Nine experiments are planned, using appropriately selected skill learning tasks, to
examine such questions as the role of cognitive abilities in determining skill transfer, the
possibility of changes in measured abilities as a consequence of practice in a skill and the
role of various psychometric abilities in determining asymptotic performance. A wide
variety of psychometric ability measures will be taken and subjects will undergo prolonged
training in order to develop high, asymptotic levels of skill. Tasks studied include variants
of a simulated air-traffic control task.

Progress:

A theory of the relation between different classes of traditional psychometric ability
measures and individual differences in performance during successive phases of skill
acquisition has been tested. The ability-performance relations have now been shown to
generalize from the simple experimental tasks originally used to a more complex
simulated air-traffic control task. The effectiveness of different training regimes for
individuals of different ability profiles has also been explored.

Report:

Ackerman (1988) Determinants of individual differences during skill acquisition: Cognitive
abilities and information processing. JEP: General, 117, 288-318.

Ackerman (in press) Individual differences theory in industrial and organizational
psychology. In: M.D. Dunnette (Ed) Handbook of industrial and organizational

psychology.




TITLE: Use of Rational Analysis to Design an Architecture for
Learning and Problem Solving

PRINCIPAL INVESTIGATOR: John R. Anderson
Carnegie-Mellon University
Department of Psychology
(412) 268-2788

R&T PROJECT CODE: 4422559
CONTRACT NO: N0001490J1489
CURRENT END DATE: 31 DEC 1992

Objective:

The primary purpose of this grant is to undertake a revision of the ACT* theory of human
cognitive architecture, taking into account the implications of a rational analysis of the
environmental requirements on human cognition that the Pl has already conducted.
Empirical studies of problem solving will also be conducted to provide additional
constraints on the theory.

Approach:

The lessons arising from a rational analysis of the requirements of a number of
theoretically important cognitive tasks will be reflected in a new and improved formulation
of the ACT class of computational theories of human cognition. In addition, new empirical
problem solving studies will be conducted in order to provide guidance to how the theory
should treat learning in situations in which rules are probabilistic in character, not explicitly
taught but induced without instruction, and which involve explicit management of costs
and gains.

Report:
Anderson, J. R. (1990) The Adaptive Character of Thought. Hillsdale, NJ: Erlbaum
Anderson, J. R. (1990) A rational analysis of categorization. In the Proceedings of the

Seventh International Conference on Machine Learning. 76-84.




TITLE: Functional Architecture of Visual Object Recognition:
Cognitive Neuropsychological Studies

PRINCIPAL INVESTIGATOR: Martha Farah
Carnegie-Mellon University
Department of Psychology
(412) 268-2789

R&T PROJECT CODE: 4422553
CONTRACT NO: N00014839J3016
CURRENT END DATE: 14 NOV 1990

Objective:

The objective of this grant is to gain an improved understanding of processes that enable
us to recognize objects by sight--i.e., to advance scientfic knowledge of the functional
architecture of visual object recognition.

Approach:

The research will combine theories and methods of cognitive psychology with those of
neuropsychology, focussing upon four well-known dissociations and their implications for
the functional architecture of normal visual object recognition. In particular, the following
dissociations will be examined: recognition vs. localization of visual stimuli, conventional
vs. unconventional viewing perspectives, animate vs. inanimate objects, and orthographic
vs. nonorthographic objects.

Progress:

A study of two agnosic patients has produced evidence for material-specificity in object
recognition (in particular, a selective impairment for animate v.s. inanimate objects). The
Pl also has completed a book on the neuropsychology of visual object recognition.

Report:
M. Farah (1990) Disorders of object recognition and what they tell us about normal vision.
MIT Press.




TITLE:

PRINCIPAL INVESTIGATOR:

I
R&T PROJECT CODE:
CONTRACT NO:

CURRENT END DATE:

Brainprints: Computer-Generated Maps of the Human
Cerebral Cortex in Vivo

Michael S. Gazzaniga
Dartmouth College
Department of Psychology
(603) 646-2741

4422557

N0001489J3035

30 JUN 1991

Objective:

The purpose of the work is to further develop computational methodology for converting
NMR scan data about human brain damage into a functionally significant mapping onto
the computationally “unfolded" surface of the cerebral hemisphere for the purpose of more
precisely specifying the relationships between physical damage to the brain and functional
consequences for cognitive capacities.

Approach:

Computer programs will be developed to further automate the process of converting NMR
scan data to a mapping of the "unfolded" surface of the cerebral cortex. The value of this
methodology will be investigated in a study of brain damaged patients who show spatial
neglect -- an inability to attend to portions of the spatial world around them. The specifics
of physical damage will be correlated with the extent and nature of the functional deficits
they display. The reliability of the data conversion process will be investigated.

Progress:

An interactive program has been developed which extracts the cortical slice line on the
original NMR images. The user can interactively call upon various contour enhancement
techniques and can create and edit any portion of the slice line. Digitizing of the line data
is automatic. A study of the reliability of estimates of cortical surface area in regions of
interest has been done: results ranged from 3% variability for the frontal and temporal
lobes to 15% for the occipital lobe, all better than the estimated reliability of the Van Essen
and Maunsell method for post-mortem specimens. A method for obtaining a brain "slice"
in any arbitrary orientation has been developed.

Report:
Jouandet, M.L., Tramo, M.J., Herron, D.M., Hermann, A., Loftus, W.C., Bazell, J. and
Gazzaniga, M.S. (1989) Brainprints. J. Cognitive Neuroscience, 1, 88-116.




TITLE: Computer Based Assessment of Cognitive Abilities

PRINCIPAL INVESTIGATOR: Earl B. Hunt
University of Washington
Department of Psychology
(206) 543-8935

R&T PROJECT CODE: 4422538
CONTRACT NO: NO0001486C0065
CURRENT END DATE: 15 SEP 1990

Objective:

The research objective is to conduct studies of individual differences in the ability to
coordinate visual-spatial, verbal, auditory, and motor performance, including performance
in dynamic tasks, and to determine whether there is an ability to coordinate information
received across these modalities that is over and above the ability to deal with each
modality separately. Such differences may reflect basic differences in individual cognitive
capacities.

Approach:

Performance on multi-component tasks requiring coordination of information from multipie
sources employing different modalities will be investigated using computer-based
presentation and measurement. Carefully designed repeaied measures experiments will
be complemented by analysis of covariance procedures.

Progress:
Eviderce has been obtained for the existence of specifically coordinative abilities when
perceptual information of either a visual or auditory nature must be coordinated with
verbal information. Novel measures of abilities to orient in large scale space have been
developed. A preliminary study of the abilities of competitive orienteers has been
completed.

Report:
P.L. Yee, E. Hunt, and J.W. Pellegrino, Coordinating cognitive information: Task effects
and individual differences in integrating information from several sources. Cognitive

Psychology (in press).




TITLE: Understanding the Immediate Interaction Cycle Using
the Soar Unified Theory of Cognition

PRINCIPAL INVESTIGATOR: Bonnie E. John
Carnegie-Mellon University
School of Computer Science
(412) 268-2000

R&T PROJECT CODE: 4422556
CONTRACT NO: N0001489J1975
CURRENT END DATE: 30 JUN 1991

Objective:

To extend the Soar model of human cognitive architecture to account for the way in which
interaction with perceivable and modifiable displays in the environment -- such as
diagrams or computer displays -- serves to augment thc limited working memory of
human problem solvers and decision makers.

Approach:

Videotape protocols with good chronometric data will be collected while people perform
tasks which involve constructing and modifying displayed objects on a computer. In
addition, at least one non-computerized task, such as the use of a scratch pad while
reasoning, will be studied. The information in the videotapes will be the basis for
constructing a simulation model of this "immediate interaction cycle" within the Soar
theory of cognitive architecture. Integration of display information with internal working
memory will be emphasized in this theoretical effort.

Progress:
This project was initiated recently; a SOAR model of browsing a menu-driven software
system has been completed.




TITLE: Imagery Processing in the Brain: What Neural
Networks Compute

PRINCIPAL INVESTIGATOR: Stephen M. Kosslyn
Harvard University
Department of Psychology
(617) 495-3932

R&T PROJECT CODE: 4422551
CONTRACT NO: N0001430MP24010
CURRENT END DATE: 15 NOV 1990

Ckhjective:
To conduct experimental studies of component processes involved in visual mental
imagery, using four different research techniques, to converge on a comprehensive
theoretical formulation which relates cognitive functions with their neural-system
substrates.

Approach:

Studies of visual-imagery component-processing subsystems are conducted with normal
observers and in patients with damage to one hemisphere of the brain, using tasks
specially designed for these purposes. Brain electrical-activity mapping is employed to
obtain convergent evidence for inferences drawn from the other types of data.

Progress:

The imagery abilities task battery (completed previously) was used for detailed
examination of a patient with Broca’s aphasia; theoretical predictions regarding additional
properties of his imagery were confirmed. Brain-damaged patients also were tested to
assess the contribution of the occipital lobe to visual imagery; evidence collected from this
testing has been consistent with the claim that images are spatial representations
supported by structures in the occipital lobe. Additional experiments with normal subjects
produced evidence relevant to evaluating the object encoding theories offered by
Biederman.

Report:

Kosslyn, S.M., Flynn, R.A., Amsterdam, J.B., Wang, G. (1990) Components of high-level
vision: A cognitive neuroscience analysis and accounts of neurological syndromes.
Cognition, 34, 203-207.

Outside Funding:
This project is jointly supported with The Air Force Office of Scientific Research.




TITLE:

PRINCIPAL INVESTIGATOR:

R&T PROJECT CODE:
CONTRACT NO:

CURRENT END DATE:

Objective:

Components of Picture Naming
Stephen M. Kosslyn

Harvard College

Department of Psychology
(617) 495-5501

4422560

N0001490J1826

14 APR 1991

The objective of this project is to identify component processes involved in identifying

visual objects.

Approach:

Using a novel adaptation of the additive factors technique, behavioral experiments will
be conducted to seek evidence for the existence of independent subprocesses involved
in the identification of visual objects. A computational analysis of object identification has
been done, suggesting the existence of at least 12 such processes. The present work
will provide a sound foundation for anticipated future studies in which PET scan studies
of brain activity during object identification will be used to further test these hypotheses
concerning the neural computation underlying human object identification.

Progress:
This grant is new in FYS0.

10




TITLE: Conference on the Functional Imaging of the Human
Nervous System

PRINCIPAL INVESTIGATOR: Guy M. McKhann
The Johns Hopkins University
The Mind/Brain Institute
(301) 338-8640

R&T PROJECT CODE: 4422558
CONTRACT NO: N0001489J3031

CURRENT END DATE: 31 JUL 19390
Objective:
To conduct a conference to consider how the new technologies for imaging brain activity
can best be used to improve understanding of the way in which the brain implements its
psychological information processing functions.
Approach:
Outstanding researchers familiar with both imaging technologies and the behavioral study

of psychological functions will be brought together to discuss these issues.

Progress:
The conference was held June 29-30, 1990.

Outside Funding:
This award was jointly supported by ONR Code 1142CS and AFOSR.
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COGNITIVE SCIENCE

KNOWLEDGE, SKILL AND EXPERTISE




TITLE: Stability in Conceptual Belief

PRINCIPAL INVESTIGATOR: Paul J. Feltovich
Southern lllinois University at Carbondale
Department of Medical Education
(217) 782-7878

R&T PROJECT COBLE: «+422547
CONTRACT NO: N0001488K0077
CURRENT END DATE: 30 NOV 1890

Ubjective:

Research objectives are to develop a Conceptual Ability Scheme for characterizing
misconceptions and for predicting their stability, to apply this scheme in predicting the
stability of misconceptions about the cardiovascular svstem, to develop a Conceptual
Stability Battery fcr determining the actual stability of each misconception among
students, and to create computer network models of selected misconceptions to help
account for variation in stability

Approach:

The approach uses a combination of cognitive structure and process analyses based on
the Conceptual Stability Scheme, empirical verification of the stability predictions using the
Conceptual Stability Battery. and computer network modeling of selected misconceptions.
This combination will permit insights into the structure and causes of misconceptions
about complex phenomena both through theoretical and empirical studies of skilled
human subjects and through manipulations of computer network models of the
structures and processes which undevlie those misconceptions.

Progress:

Materials have been developed for diagnosing the student’s belief structure in the domain
and for predicting the stability of erroneous conceptual beliefs. Substantial progress has
been made in developing th2 instructional interventions needed for testing the theoretical
hypotheses about the stability of (erroneous) belief structures. T~¢ diagnostic instrument
is also being computerized.

Report:

Spiro, R. J., Coulson, R. L., Feltovich, P. J. and Anderson, D. K., (1988). Cognitive
flexibility theory: Advanced knowledge acquisition in ill-structured domains. in The 10th
Annual Conference of the Cognitive Science Society. Hillsdale, NJ: Lawrence Erlbaum
Associates
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TITLE: Questioning Mechanisms During Complex Learning

PRINCIPAL INVESTIGATOR: Arthur C. Graesser
Memphis State University
Depts. of Psychology and Mathematical Science
(901) 678-2742

R&T PROJECT CODE: 4422548
CONTRACT NO: NO0001490J1492
CURRENT END DATE: 14 JAN 1992

Objective:

The objective of the research is to extend the QUEST computer simulation model of
question answering to account for the interaction between human tutors and students.
QUEST now models the process by which answers are generated from conceptual graph
structures of knowledge.

Approach:

The interactions of human tutors and students during instruction in mathematical word
problem solving and instruction in scientific research methods will be recorded,
transcribed, and analyzed. Changes in the pattern of questioning over time will be refated
to existing theories of the process of knowledge acquisition. The QUEST computer
simulation model will be extended to account for question asking and answering in the
tutorial situation, with particular emphasis on pragmatic features of interaction related to
shared and differential knowledge and goals.

Progress:

Extensive data on the generation and acceptability of answers to questions have been
collected in order to test the QUEST model. A number of papers reporting this work have
been prepared, including those cited below. A large body of tutorial interactions have
been recorded and are now being analyzed with respect to both question generation and
question answering processes.

Report:

Graesser, A.C. & Franklin, S.P. QUEST: A cognitive modei of question answering.
Discourse Processes (in press)

Golding, J.M., Graesser, A.C. & Millis, K.K. What makes a good answer to a question?
Testing a psychological model of question answering. Discourse Processes (in press)
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TITLE: Knowledge and Process for Design

PRINIPAL INVESTIGATOR: James G. Greeno
Leland Stanford Junior University
School of Education
(415) 723-0433

R&T PROJECT CODE: 4422549
CONTRACT NO: NO0001488K0152
CURRENT END DATE: 31 JAN 1991

Objective:

The research objective is to conduct studies of the design problem-solving process which
will yield data for developing a model that characterizes the contents of the problem
space and the problem-solving processes involved in design tasks, focusing on
generative processes of formulating and modifying problem goals and plans and on using
information from multiple sources.

Approach:

Experimental subjects are asked to design instruction, given some goais and constraints.
Empirical studies and psychological experiments will be conducted in which goals and
constraints on design problems are manipulated, and in which the availability of
knowledge relevant to the design task is varied. The primary instructional design topic
to be studied is training in the operation of artificial devices. Designers’ knowledge of the
subject matter is controlled through instruction given to them, and the designer’s amount
of background in educational theory is a variable.

Progress:

Protocol data have been collected from 12 particpant designers, transcribed and coded
using a scheme collaboratively developed with Peter Pirolli of Berkeley. The problem
space of design has been found to include several subproblems, which involve different
aspects of the design. Subproblems of design differ from those in many problem solving
tasks in that they seem to be continuously active and applying simultaneously in the
solution of the problem, rather than being solved successively in isolation.

Report:

Greeno, J.G., Korpi, M.K,, Jackson, M.K., & Michalchik, V.S. (1990) Processes and
knowledge in designing instruction. Technical Report, Stanford University.
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TITLE: Analysis of the Organization of Lexical Memory

PRINCIPAL INVESTIGATOR: George A. Miller
Princeton University
Department of Psychology
(609) 452-5973

R&T PROJECT CODE: 442c026
CONTRACT NO: N0001490J1692
CURRENT END DATE: 28 FEB 1991

Objective:

The objective is to develop a novel kind of electronic lexical reference work, an
augmented thesaurus, that is built upon a model of human lexical memory, in order to
facilitate tasks in which the relationships of word meanings are important: design of
technical and instructional documents, reading and use of such documents, and natural
language computer interfaces.

Approach:

A computer simulation of human lexical memory is being constructed. A master list of
words is being used to simulate phonological access. Lexical concepts are represented
as synonym sets. These lexical concepts are being extensively interconnected by
networks of meaning relationships: opposition of meaning, part-whole relations, and
subordination relations.

Progress:

The WcrdNet database now contains 32,264 nouns with 43,136 senses; 5,885 verbs with
8,475 senses, and 12,909 adjectives. Work has begun on integrating the part-whole
relations with the noun superordinate-subordinate hierarchy. Experiments have been
conducted to test the psychological validity of the novel organization developed for the
adjective files. Work on a program to aid writers in filtering out rare words is in progress.

Reports:

Miller, G. A., Fellbaum, C., Kegl, J., and Miller, K. (1988) WordNet: An electronic reference
system based on theories of lexical memory. Revue québécoisé de linguistiqué, 17, 181-
213.

Gross, D., Fischer, U., & Miller, G. A. (1989) The organization of adjectival meanings.
Journal of Memory and Language, 28, 92-106.

Outside Funding:
Funds for this project are provided by the Navy Personnel Research and Development
Center and ONT Code 222.
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TITLE: Knowledge and Processes for Design

PRINCIPAL INVESTIGATOR: Peter Pirolli
University of California, Berkeley
Department of Education
(415) 652-4206

R&T PROJECT CODE: 4422550
CONTRACT NO: N0001488K0233
CURRENT END DATE: 31 DEC 1990

Objective:

The research objective is to conduct studies of the design problem-solving process which
will yield data for developing a model that characterizes the contents of the problem
space and the problem-solving processes involved in design tasks, focusing on
generative processes of formulating and modifying problem goals and plans and on using
information from multiple sources.

Approach:

The approach uses a variety of design tasks, emphasizing instructional design, but
including other types of design for purposes of comparison. Subjects are asked to design
instruction, given certain goals and constraints. Empirical studies and psychological
experiments will be conducted in which goals and constraints on design problems are
manipulated, and in which the availability of knowledge relevant to the design task is
varied. Some aspects of design problem solving performance are being modeled in the
SOAR cognitive architecture.

Progress:

A study of instructional design has been conducted in which protocols were collected
from professional instructional designers employed by an international office systems
company, designing instruction in a familiar word- processing system under a variety of
different conditions. Similar protocols have been collected for comparative purposes from
an architect and a mechanical engineer. A general conceptual framework for design
problem solving has been developed and related to a formalism for protocol analysis. A
Soar simulation of an individual designer has been completed.

Report:

Goel, V. & Pirolli, P. (1989). Motivating the notion of generic design within information
processing theory: the design problem space. Al Magazine, 10, 18-36.
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LEARNING AND INSTRUCTION




TITLE: The Induction of Mental Structures While Learning to
Use Symbolic Systems

PRINCIPAL INVESTIGATOR: Thomas G. Bever
University of Rochester
Department of Psychology
(716) 275-3213

R&T PROJECT CODE: 442f005
CONTRACT NO: N0001488K0336
CURRENT END DATE: 30 APR 1991

Objective:

The research objective is to explore the emergence of implicit mental structures (such as
linguistic grammars or mental models of machine operations) during the solution of
explicit problems. The investigator has proposed a problem-solving theory of the
acquisition of implicit structure which he will test with a series of experiments using an
artificial symbolic system.

Approach:

A series of experiments will be conducted to test hypotheses derived from the
investigator’s theory of the formation of implicit mental structures during the solution of
explicit problems. In addition to attempting to improve he efficiency of the basic
paradigm used in a pilot study, the experiments will investigate: implications, for learning,
of conflicting regularities within mapping systems for internal perception and production
mechanisms; differences between perception and production in learning; and extensions
of the paradigm to investigate implications of fuzzy feedback, effects of error messages,
and modelling of the acquisition of behavior and structure.

Progress:

Six new experiments were run in which the results of the experiments that formed the
basis of the proposal were replicated, and improved understanding of the conditions
necessary to obtain those results was achieved. Computer programs to improve the
quality of experimental stimulus presentations have been developed. A preliminary
version of a connectionist learning model to account for the results has been developed.
A new paradigm, based on study of map learning, has been develop for investigating
induction of abstract mental representations.
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TITLE: The Improvement of Text Readability by Phrase-
Sensitive Formatting

PRINCIPAL INVESTIGATOR: Thomas G. Bever
University of Rochester
Department of Psychology
(716) 275-3213

R&T PROJECT CODE: 4428016
CONTRACT NO: NO0001489J3032
CURRENT END DATE: 30 JUN 1991

Objective:

The research objective is to determine whether text formatted so as to indicate phrase
boundaries, using an automated algorithm to determine phrase boundaries, will improve
the readability of text.

Approach:

Carefully designed experiments with community college subjects of different levels of
reading ability will be conducted to examine the influences and interactions of several
variables on reading speed, comprehension, and retention. The variables include reading
ability, text complexity, phrase size, space size, and retention interval; other variables
suggested by these experiments may also be studied. The phrase size and space size
variables will be controlled by an algorithm for automatically formatting text which has
been developed and tested by the PI.

Progress:

Severai fundred subjects have been tested on phrase structure formatted essay
comprehension items. Formatting led to significantly better performance on test items,
as well as faster reading times. Effects are largest for below-average readers and difficult
essays. Texts treated to maximize the evenness of the number of words also improve
reading performance; in this case, the advantage is primarily seen for above average
readers.

Report:
Bever, Jandreau, Burwell, Kaplan & Zaenen, Spacing printed text to isolate major phrases
improves readability. (submitted)

Outside Funding:

Funds for this project are provided by ONT Code 222 and the Navy Personnel Research
and Development Center.
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TITLE: Understanding Mechanical Systems Through Computer
Animation and Kinematic Imagery

PRINCIPAL INVESTIGATOR: Patricia A. Carpenter
Carnegie-Mellon University
Department of Psychology
(412) 268-2091

R&T PROJECT CODE: 4428017
CONTRACT NO: N0001489J1218
CURRENT END DATE: 30 NOV 1991

Objective:
Determine how computer animations can be used in training to enhance understanding
of the operation of mechanical devices.

Approach:

Conduct behavioral experiments in which device and display characteristics are
systematically varied, while eye movements are monitored and subject ability to answer
questions about device operation is measured. Build computer simulation models of the
process of device understanding that account for these data.

Progress:

A series of experiments examined the relation between the degree of mechanical
constraint in simple devices and the accuracy and speed of mental animation. Individual
difference results suggest that mechanical knowledge influences the accuracy with which
a mechanical device can be analyzed, whereas spatial ability influences the speed and
accuracy with which trajectories of moving parts are internally computed. Device
animations were found to enhance the performance of low mechanical ability subjects but
to result in less accurate performance by high mechanical ability subjects. Efforts to have
computer animations compensate for low mechanical ability, however, have not yet been
successful, and that goal continues to be pursued.

Report:
Fallside, P. & Just, M. (1989) Understanding a machine in motion. Technical Report,
Carnegie-Mellon University.

Outside Funding:
Funds for this project are provided by ONT Code 222.
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TITLE: Computer Generation of a Tutorial Dialogue

PRINCIPAL INVESTIGATOR: Martha Evens
llinois Institute of Technology
Department of Computer Science
(312) 567-5153

R&T PROJECT CODE: 4422554
CONTRACT NO: N0001489J1952
CURRENT END DATE: 14 NOV 1990

Objective:
The objective of this grant is to learn how to produce intelligent computer-generated
tutorial dialogue.

Approach:

The tutorial guidance provided by expert human tutors working with students using an
instructional simulation will be recorded and analyzed. The approach to generating text
will be similar to that taken by the Al group at U. Mass Amherst -- McKeown, McDonald,
and Woolf -- but the Lexical Functional grammar of Kaplan and Bresnan will be used with
lexical selection based on Even’s previous lexical work. In addition, information taken from
the student model of the tutoring system will be used to individualize the tutorial dialog
appropriately for student needs.

Progress:

Tutoring sessions, presenting expert human tutors working with students, have been
recorded and are being transcribed for analysis.Software development also has been
initiated for the system that will support automated generation of similar natural language
tutorial interaction.
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TITLE:

PRINCIPAL INVESTIGATOR:

R&T PROJECT CODE:
CONTRACT NO:

CURRENT END DATE:

Analogical Processes and Learning in Physical

Domains

Dedre Gentner

University of lllinois
Department of Psychology
(217) 333-2186

442f007

N0001489J1272

30 NOV 1892

Objective:

The goal is to construct and test a general theory of analogical thinking as it occurs in
both learning and reasoning. Parametric investigations of the detailed assumptions of the
formal model of this theory, the Structure Mapping Engine, will be conducted in order to
more precisely specify detailed aspects of the theory. More aspects of the application of
the theory will be automated in order to increase its objectivity, and its application to the
new and more complex domain of the learning of causal models will be explored.

Approach:

Psychological and computational experiments will be conducted in parallel to determine
what computational theory can best account for human data on learning, analogy
formation, and analogy evaluation. The learning of causal models for physical
phenomena in artificial worlds will be an important aspect of the psychological
investigations.

Progress:

A study has been completed on the relationship of verbalization of a task and ability to
transfer that task; results indicate that verbalization prior to transfer attenuated the transfer
difficulty associated with conflicting superficial similarities. A programmable system also
has beer: built for experimenting with two-stage models of similarity-based access from
long-term memory.

Report:

Clement, C., & Gentner, D. (1990, in press) Systematicity as a selection constraint in
analogical mapping. Cognitive Science.

Falkenhainer, B., Forbus, K.D. & Gentner, D. (1989/13990) The structure-mapping engine:
algorithm and examples. Artificial Intelligence, 41, 1-63.
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TITLE: Qualitative Simulation and Intelligent Tutoring Aids

PRINCIPAL INVESTIGATOR: T. Govindaraj
Georgia Tech Research Corporation
School of Industrial and Systems Engineering
(404) 894-3873

R&T PROJECT CODE: 4428004
CONTRACT NO: N0001487K0482
CURRENT END DATE: 31 DEC 1990

Objective:

Formalize a method for qualitative simulation of complex dynamic systems. Integrate a
moderate-fidelity qualitative marine powerplant simulation with a blackboard-based
instructional planning system to produce a prototype intelligent tutoring system and
problem-solving aid for marine powerplant troubleshooting and maintenance. Test and
refine the tutoring and simulation architecture.

Approach:

Conduct fault diagnosis experiments using an existing moderate fidelity marine powerplant
simulator. Enhance the simulator by incorporating operator inputs. Using the improved
simulator, conduct further fault diagnosis and compensation experiments. Implement and
experimentally evaiuate an intelligent tutor-associate, using college, NROTC and Merchant
Marine subjects at varying levels of expertise.

Progress:

The simulation component of the powerplant tutor has been ported to the Macll, with
color graphics added. In the process, tools for building the active regions needed in
interactive interfaces were created and can be made available to others. The tutor is
complete and training experiments are beginning.

Report:

Vasandani,V., Govindaraj, T., & Mitchell, C.M. (1989). An Intelligent Tutor for Diagnostic
Problem Solving in Complex Dynamic Systems. In the Proceedings of the IEEE
International Conference on Systems, Man, and Cybernetics, November 14-17,
Cambridge, MA, pp. 772-777.

Outside Funding:
Funds for this project are provided by ONT Code 222.
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TITLE: Explanation and Decision Making in Planning

PRINCIPAL INVESTIGATOR: Kristian J. Hammond
University of Chicago
Department of Computer Science
(312) 702-1571

R&T PROJECT CODE: 442f003
CONTRACT NO: NO0O001488K02385
CURRENT END DATE: 14 NOV 1990

Objective:

The objective is to develop a theory of case-based reasoning for problem-solving tasks
that addresses questions of memory organization, of decision-making as it applies to the
selection of past cases for use in problem-solving, and of the role of explanation formation
in learning from case experience.

Approach:

Al programs aredeveloped that constitute an elaborate hypothesis about the nature of the
case-based reasoning process involved in solving such problems: a Problem Anticipator
that recalis planning problems in past similar situations, a Case Retriever that searches
for a plan that satisfies as many goals as possible while avoiding anticipated problems,
a Case Mcodifier that alters the retrieved plan to satisfy additional goals, a Plan Repairer
that generates causal explanations for failures repairs plans on that basis, a Case Storer
that indexes plans in memory according to the goals they satisfy and the problems they
avoid, and a Blame Assigner that uses causal explanations of failure to identify features
to predict and avoid similar failures in the future. Psychological experiments will be used
to investigate alternative hypotheses that arise as design issues in the model.

Progress:
Four case-based systems have been developed. Several related experiments have been
conducted.

Report:

Hammond, K. (1990, in press) Case-based planning: A framework for planning from
experience. Cognitive Science.

Siefert, C.M. & Hammond, K. (1990) Intelligent encoding of cases. Proceedings of the
AAAI Spring Symposium Series on Case-Based Reasoning.

Outside Funding:
The project is jointly funded by ONR Codes 1142CS and 1133 (Computer Science).
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TITLE: Explanation-Based Acquisition of Electronics Knowledge

PRINCIPAL INVESTIGATCR: David Kieras
University of Michigan, Ann Arbor
Techniral Communication Program
(313) 763-6739

R&T PROJECT CODE: 442002
CONTRACT NO: N0O001488K0133
CURRENT END DATE: 31 OCT 1990

Objective:

An Al system is constructed for learning electronics concepts from explanatory text and
cognitive-psycholcgy experiments on human learning conducted within the same context.
Results of the two types of investigations are integrated in the form of a cognitive model
that explains human acquisition of knowledge in this domain in terms of the mechanisms
in the Al system.

Approach:

The system is augmented by additional rules on the behavior of AC circuits in the
processing of signals, such as the time structure of the system (history of the previous
states of the circuit), multiple events, and representations of the states of the circuit.
Learning and schema formation rules are developed from prior rules. The system is
implemented in Common LISP. Cognitive models of these processes are developed that
provide predictive metrics, and are experimentally evaluated.

Progress:

Al explanation-. ‘sed learning programs have been written and are being used to verify
that instructional materials accurately represent the desired experimental conditions:
indices of processing effort that the Al nrograms provide also are being used to predict
human reading and response times.

Report:

J. H. Mayer (1990) Explanation-based knowledge acquisition of schemas in practical
electronics: A machine learning approach. University of Michigan.
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TITLE: Concept Formation Symposium

PRINCIPAL li.VESTIGATOR: Patrick Langley
Institute for the Study of Learning & Expertise
(714) 856-6556

R&T PROJECT CODE: 433g016
CONTRACT NO: NO0001490J7394
CURRENT END DATE: 30 NOV 1990

Objective:

The objective is to provide a forum fur the exchange of information on current and
pianned research n the topic of concept formation, i. e., the unsupervised and
incremental acquisition of conceptual knowledge.

Approach:

A Symposium on Concept Formation will be held at Stanford University, 6-7 January 1990.
There will be anproximately 60 invited participants, and a volume of presented papers will
be published. The American Associatior for Artificial Intelligence will co-spunsor the
Symposium, as will NSF.

Progress:

The previous Symposium held in 1989 focussed on the automation of reasoning in
scientific discovery, and provided a comprehensive review of current and planned
research in hypothesis and theory formation in discovery processes.

Outsicde Funding:

This sympc.ium was jointly funded by ONR Codes 1142CS and 1133 (Computer
Science).
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TITLE: Schemas in Problem Solving: An Integrated Model of
Memory, Learning, and Instruction

PRINCIPAL INVESTIGATOR: Sandra P. Marshall
San Diego State University Foundation
Department of Psychology
(619) 594-2695

R&T PROJECT COCE: 442c010
CONTRACT NO: NO0001490J1143
CURRENT END DATE: 30 SEP 1991

Objective:

The project objective is to produce a psychological model of the teaching and learning
of mathematical problem-solving skills, incorporating three components: a model of
knowledge in memory, a model of learning, and a model of instruction. The model of
instruction, unlike most, will be explicitly related to the psychological models of learning
and memory for this problem domain. It is a test of the value of schema theories of
knowledge and skill.

Approach:

‘I ne underlying semantic structures, or schemas, of mathematics word problems used in
school texts, Navy remedial courses, and standardized tests have been analyzed and
related to item difficulty in mass test data. Computer simulations of problem-solving
knowledge and skill will provide the basis for experimental instruction, and the process
of learning will also be modeled in a computer simulation. Further instructional/learning
experiments will be conducted to test aspects of the computer simulation model.

Progress:

Eleven tasks proposed in the original proposal and a previous renewal have been
completed, including a) the development of a detailed theory of problem schemata that
has been shown to cover the problems commonly used in instruction, including Navy
remedial math instruction; b) computerized instruction based on the schema theory has
been constructed; c) instructional experiments have been conducted with detailed
protocols collected to probe what is being learned; d) initial models of learning have been
built, suggesting that further modeling within a partially connectionist framework would be
appropriate.

Report:

Marshall, S. P., Barthuli, K.E., Brewer, M. A., & Rose, F.E. (1989). The Story Problem
Solver: A schema-based instructional sysiem. Tech. Rep. Contract No. NOOO14-85-K-
0661.
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TITLE: Human Plausible Reasoning and Learning
Development of a Cornputational Model and Unified
Theory.

PRINCIPAL INVESTIGATOR: Ryszard S. Michalski
George Mason University
Computer Science Department
(703) 323-2713

R&T PROJECT CODE: 442f006
CONTRACT NO: NO0O001488K0397
CURRENT END DATE: 14 MAY 1990

Objective:
This research aims to provide computational models of the way in which humans learn
and reason with imprecise, incomplete and/or indirectly relevant premises.

Approach:

A unified theory of human plausible reasoning and inductive learning will be developed
in the form of a computational model. This will build upon the Collins and Michalski “core
theory" of human plausible reasoning, upon Michalski's “two-tiered method" for
representing flexible context-dependent concepts, and Medin’s "multi-criterion patch
model" of inductive learning. Further experimental tests of human performance will be
conducted in order to test the computational theory against human performance.

Progress:

The theory of plausible reasoning was implemented as a computer program, enabling the
derivation of predictions of human performance. A series of experiments with human
subjects was conducted and analyzed in terms of the concepts and inference rules of the
theory. The results support the basic tenets of the theory, demonstrating that the
proposed structural organization of knowledge and multi-pattern inference play a crucial
role in plausible reasoning.

Report:

Coallins, A. and Michalski, R. (1989) The logic of plausible reasoning: A core theory,
Cognitive Science, 13.
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TITLE: Knowledge Based Revision of Cognitive Procedures
in Response to Chanaina Task Demands

PRINCIPAL INVESTIGATOR: Stellan Ohlsson
University of Pittsburgh
Learning Research and Development Center
(412) 624-7460

R&T PROJECT CODE: 442f008
CONTRACT NO: N0001489J1681
CURRENT END DATE: 28 FEB 1991

Objective:
The objective is to understand how knowledge of principles in a domain can be used to
aid learning and adaptive modification of problem-solving procedures.

Approach:

Computer simulations will be built to determine how principled knowledge can be used
to monitor, acquire, and adapt procedures. Two domains in which extensive human
prcblem-solving data are available will be explored -- arithmetic and physics problem-
solving. Variations in the models will be used to determine how these variations affect the
efficiency of learning. In particular, learning mechanisms proposed in various important
cognitive theories of learning -- chunking (Newel!), knowledge compilation (Anderson) and
explanation-based learning (Dedong) -- will be compared for their impact on overall
learning performance.

Progress:

A computer simulation of knowledge-based revision of cognitive procedures has been
constructed. It is being tested in the domain of simple arithmetic tasks, and has been
shown to be capable of learning (and learning transfer). Quantitative comparison of its
learning performance with that of other systems also has been initiated.

Report:

Ohisson, S. (1990) The mechanism of restructuring in geometry. Technical Report,
University of Pittsburgh.

Ohlsson, S. & Rees, E. (1990) Adaptive search through constraint violations. Technical
Report, University of Pittsburgh.

Ohisson, S. & Rees, E. (1990) Comparative evaluation of knowledge-based simulation
models of procedural learning. Technical Report, University of Pittsburgh.
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TITLE: Seventh International Conference on Machine Learning

PRINCIPAL INVESTIGATOR: Bruce Porter
The University of Texas at Austin
Department of Computer Science
(512) 471-7316

R&T PROJECT CODE: 433g022
CONTRACT NO: N000149041610

CURRENT END DATE: 28 FEB 1991
Objective:
The objective is to provide a forum for presentation of recent research results and
discussions of research directions in the area of Machine Learning.
Approach:
The approach is to hold the Seventh International Conference on Machine Learning, 21-23
June 1990, at the University of Texas, Austin. Twenty-five refereed technical papers will
be presented, as well as three or four invited talks by Distinguished Speakers. A
Proceedings will be published by Morgan Kaufman, Inc.

Outside Funding:
This project was jointly funded by ONR Codes 1142CS and 1133 (Computer Science).
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TITLE: Impact of Intelligent Computer-Assisted Instruction

PRINCIPAL INVESTIGATOR: Janet W. Schofield
University of Pittsburgh
Department of Psychology
(412) 624-3068

R&T PROJECT CODE: 442c013
CONTRACT NO: N0001485K0664
CURRENT END DATE: 31 DEC 1991

Objective:

Conduct research to test theoretically derived hypotheses concerning the impact of the
introduction of an intelligent computer tutor upon the authority structure of the classroom
and the content of the human instructor’s role.

Approach:

Structured observations of both experiemental and conventional classrooms were the
primary method of data collection, supplemented by observations of administrative
meetings and interviews of participants. Observational records were stated in concrete,
behavioral terms, and were transcribed and entered into a computer data base to facilitate
both qualitative and qauntitative analyses.

Progress:

In the first two years of the project, observations were conducted in the experimental
computer tutor classes, in "control’ geometry classes, and in two computer science
classes. Observations were conducted in other situations of school computer use as well.
in addition, extensive interviews with students, teachers, and other project participants
were conducted. The observational data have been computerized and analysis is in
progress, with a book as the expected final product.

Report:

Schofield, JW. & Verban, D. (1988) Computer usage in the teaching of mathematics:
Issues which need answers. In D. Grouws & T. Cooney (Eds.), Perspectives on research
on effective mathematics teaching (Volume 1). Hillsdale, NJ: Lawrence Erlbaum
Associates.

Schofield, J. & Evans-Rhodes, D., (1989) Artificial Intelligence in the Classroom: The
impact of a computer-based tutor on teachers and students. Technical Report, University
of Pittsburgh.
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TITLE: A Model of Self-Generated Explanation in Skill
Acquisition

PRINCIPAL INVESTIGATOR: Kurt A. VanLehn
Carnegie-Mellon University
Dept. of Psychology
(412) 268-4964

R&T PROJECT CODE: 442f001
CONTRACT NO: NO0001488K0086
CURRENT END DATE: 31 DEC 1990

Objective:

This project tests the hypothesis that self-generated explanations of the steps in example
problems will permit more effective learning by building a set of computer simulation
models of the process of learning from example problems in physics instruction.

Approach:

A previous grant to M. Chi generated protocol data from more and less effective learners
of physics. A set of simulation mods<ls, which can also be regarded as examples of
machine learning, will be developed to model the detailed protocols of individal students.
A simulation program is built with these modules: 1) primitives corresponding to the
protocol coding that establish the grain-size of modeling; 2) a non-analogical problem-
solver for single-schema (simple) problems; 3) explanation of problem statements that
classifies problems appropriately into types; 4) explanation of problem solutions that
justifies problem solving actions; 5) analogical problem-solving and learning; and 6) a
problem solver for complex multi-schema problems.

Progress:

A new machine-learning technique (Plausible Explanation Completion) is being used to
analyze and simulate protocol data from students who are learning physics by working
problems and studying examples. A 200-rule knowledge base was constructed by the
researchers, and Plausible Explanation Completion has independently generated some
of the rules it contains in a way that approximates student learning behavior.

Report:

VanLehn (1989) Learning events in the acquisition of three skills. Proceedings of the 11th
Annual Conference of the Cognitive Science Society.

VanLehn (1989) Discovering problem solving strategies: What humans do and machines
don't (yet). Proceedings of the 1989 Machine Learning Workshop.
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TITLE: Automating Knowledge Acquisition

PRINCIPAL INVESTIGATOR: David C. Wilkins
University of lllinois
Dept. of Computer Science
(415) 725-3850

R&T PROJECT CODE: 433g008
CONTRACT NO: NO0O001488K0124
CURRENT END DATE: 30 NOV 1890

Objective:
The objective is to understand how learning within knowledge based systems can be
extended to include the refinement and debugging of knowledge.

Approach:

The approach will be to employ learning apprentice strategies which allow the system to
monitor and analyze human decision making in the course of solving problems. An
automated system (ODYSSEUS) will serve as a testbed for studying alternative
approaches to identifying the presence of errors in a knowledge base and assessing the
merits of candidate repairs. Insights into the performance limits of apprentice learning
systems will be sought by examining the capability of ODYSSEUS relative to the observed
procedures and performance of human experts.

Progress:

Progress has been made in the identification of powerful strategies for handling three
types of domain theory pathologies: incorrectness, inconsistency, and incompleteness.
These strategies are based upon connections between the primary domain theory and
underlying domain theories, and an explicit, modular, and declarative representation for
the domain theory.

Report:
Wilkins, D. C. Knowledge Base Refinement Using Apprenticeship Learning Techniques,
Proceedings of the 1988 National Conference on Artificial Intelligence.

Outside Funding:
This project was jointly funded with ONR Code 1133, Computer Science.
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TITLE: Conditional Dependence

PRINCIPAL INVESTIGATOR: Robert D. Gibbons
University of Illinois at Chicago
Department of Psychiatry
(312) 413-1357

R&T PROJECT CODE: 4421553
CONTRACT NO: NO0O001488J1104
CURRENT END DATE: 30 NOV 1991

Objective:

Recently, this investigator used an approximation technique based on the so-called Clark
algorithm to obtain estimates of pattern probabilities which are robust to violations of
conditional independence. This project is extending that work to new contexts. These
include modelling performance on long tests (perhaps 50 items in length), on adaptive
tests, on tests scored polychotomously, and on tests composed of several homogeneous
subtests.

Approach:

Several techniques for estimating the residual covariances will be studied. These include:
(a) using the sample tetrachoric correlations, (b) using the expected covariances from a
higher dimensional solution, and (c) fitting specific patterned structures (e.g., first-order
autocorrelation, biock-diagonal, etc.). The viability of these approaches will be studied
using simulated and real test data. Finally, a unidimensional polychotomous model for
multidimensional data sets will be developed.

Progress:

(a) Preliminary work on extending this approach to longer tests has focused on
developing an EM solution and on implementing a ridge-like adjustment to stabilize a final
Newton-Raphson step. The viability of these techniques is being examined using data
from the American College Testing Programs. (b) An empirical comparison between the
results of TESTFACT and Formula Score Theory is underway. And, (c) the
implementation of some of the heavy computations needed on a parallel board is under
development.

Report:

Gibbons, R.J., Bock, R.D., and Hadecker, D. (1990) Approximating Multivariate Normal
Probabilities Over Rectangular Regions. Biometric lab report 90-1.
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TITLE: Latent-Trait Representations of Behavioral Data

PRINCIPAL INVESTIGATOR: Paul W. Holland
Educational Testing Service
(609) 921-9000

R&T PROJECT CODE: 4421551
CONTRACT NO: NO0001487K0730
CURRENT END DATE: 31 JUL 1990

Objective:

The Dutch identity provides a way of rewriting the basic equations of IRT models that
suggests that ali sufficiently smooth IRT models for dichotomous data are approximate
log-linear models. The approximation improves as the number of items increases. These
log-linear models have only two-way interactions and these interactions are restricted by
the dimensionality of the latent trait. The objective of this project is to empirically test
those predictions.

Approach:

Data were generated from a Rasch model and a third order polynomial was fit to the log
of the resulting pattern relative frequencies. Test lengths of 20, 30, 40, 60, 80, and 100
items were simulated. In every case 30,000 examinees were used.

Progress:
The predictions of the Dutch identify were generally supported by the simulation results.

Report:
Holland, P.J. (1980) The Dutch identity: A new tool for the study of item-response
models. Psychometrika, 55, 1-18.
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TITLE: Item-Calibration Procedures for Military Computer
Adaptive Testing: Statistical Empirical Design

PRINCIPAL INVESTIGATOR: Douglas H. Jones
Thatcher Jones Associates
(609) 895-0924

R&T PROJECT CODE: 4428007
CONTRACT NO: N0001487C0696
CURRENT END DATE: 31 DEC 1990

Objective:

This project is investigating alternatives to the random assignment of items to examinees
in item-response-theory calibration studies. The aim is to develop procedures to
adaptively gather data on new items. Issues under investigation include: (a) How to
incorporate what is known about the unknown in arriving at optimal designs. (b) What
sorts of optimality criteria should be used? (c) What to do when “optimal* examinees are
not presently available? (d) How might optimal design solutions differ for preliminary item
tryout and for fine tuning of the calibrations? (e) Which computational algorithms are
most efficient in obtaining optimal designs?

Approach:

Theoretical work will extend optimal design theory and develop methods for dealing with
model uncertainty. Numerical work will compare the efficiency of numerical algorithms.
Experimental work will investigate the issue of item-person discordance.

Progress:

Theoretical development of the design model has been completed. The central problem
concerning unknown control parameters has been solved using recent results from
research on the measurement-errors-in-variables problem in non-linear response models.
The designs are to be obtained by integer programming techniques. A technique that
guarantees optimal designs has been developed. Simulation studies of the performance
of the optimal design in an on-line computerized test is in progress.

Report:

Armstrong, R., Jones, D.H., & Wu, Ing-Long. (1990) An Automated Procedure for Test
Development of Tests Parallel to the Seed Test. (Tech Rep.) Graduate School of
Management, Rutgers University.

Outside Funding:
Funds for this project are provided by ONT Code 222.
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TITLE: Structural Robustness and Local Dependence in Item
Response Theory

PRINCIPAL INVESTIGATOR: Brian Junker
University of lllinois
Department of Statistics
(217) 333-2186

R&T PROJECT CODE: 4421560
CONTRACT NO:
CURRENT END DATE: 30 SEP 1990

Objective:

This project seeks to extend Stout’'s essential independence framework in several
directions. First, it seeks a more complete trait estimation theory and trait-distribution
estimation theory for tests which are only essentially unidimensional. Second, it seeks an
item-response-function estimation theory. Third, it seeks necessary and sufficient
conditions on observables for a test to be strictly unidimensional. Fourth, it will explore
the theoretical relationships between classes of local dependence structure and
multidimensionality.

Approach:

Initial work will (a) explore Kullbach-Leibler information distance function as a vehicle for
studying the optimality of item-response functions in an essential-independence
framework; (b) explore the theoretical connections between Sympson’s polyweighting and
efficient estimation of the dominant trait for essentially unidimensional tests; and, (c)
empirically explore a novel approach to trait distribution estimation and compare it with
extant procedures (especially, Mislevy’s).

Progress:
This grant is new in FY90.
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TITLE: Expert Knowledge Structures and Their Role in
Cognitive Task Performance.

PRINCIPAL INVESTIGATOR: Richard J. Koubek
Wright State University
Dept of Biomedical and Human Factors Engin.
(513) 873-2701

R&T PROJECT CODE: 4421558
CONTRACT NO: N0001490J1256
CURRENT END DATE: 31 OCT 1992

Objective:

This research is exploring differences in high-level cognitive skill based on individual
differences in the knowledge representation of a complex cognitive domain. The main
task is the development of a model of and a paradigm for externalizing the effect of an
individual’s acquired representation of domain knowledge on skilled performance.

Approach:

An initial study involving students leaining a word-processing task will explore the
relationship between training variables, acquired representation, and performance as a
function of task type. A second study will develop a taxonomy of expert knowledge
representation types and will examine the suitability of each type for performing generic
subtasks within that domain. A third study will examine the relationships between global
cognitive abilities and features of an individual’s acquired representation.

Progress:

Preliminary quantitative measures of knowledge representation have been developed for
use in conjunction with multidimensional scaling techniques. Cognitive style interacts with
training style to affect the acquisition of skill on a simple-repetitive task. Measured
representation characteristics significantly influence perfarmance on both complex and
simple-repetitive cognitive tasks. Based on these findings, further development of a
quantitative knowledge representation measurement technique is underway, together with
developing a taxonomy of knowledge representation types.

Report:

Koubek, R.J. and Mountjoy, D.N. (1990). The role of training, individual differences and
knowledge representation in operator skill acquisition for advanced manufacturing
environments. In (W. Karawowski and M. Rahimi, Eds.) Ergonomics of Advanc

Manufacturing and Hybrid Automated Systems II. Amsterdam: Elcvicr.
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TITLE: Formula Sconng, Applications and Foundations

PRINCIPAL INVESTIGATOR: Michael V. Levine
University of lllinois
Department of Educational Psychology
(217) 333-0092

R&T PROJECT CODE: 4421546
CONTRACT NO: NO001498K0482
CURRENT END DATE: 31 DEC 1989

Obijective:
This work will extend, refine,and apply Maxiraum-likelihood Formula Score Theory (MFS).

Approach:

(a) Derive asymptotic distributions of MFS estimates. (b) Develop an objective method
for gauging the goodness of fit of MFS models. (c) Circumvent requirement for a well-
estimated old-test. (d) Extend MFS to two dimensions. (e) Develop an MFS framework
for equating CAT to linear tests.

Progress:

(a) Large-sample theory of MFS estimates have been derived. (b) A scale free technique
for comparing the goodness-of-fit of alternative IRT models has been developed. (c) Two
approaches were developed to circumvent the requirement for a well-estimated old-test.
The first, iteratively re-estimates the old-test response functions, while holding the ability
density constant. The second is an eniirely new theory, Algebraic Formula Score Theory
(AFS), which is based on the test manifold and does not require an old-test. (d) The
practicality of multidimensional MFS techniques was substantially improved by introducing
constraints. (e) An MFS framework for equating two tests has been developed.

Report:

Levine, M.V. (1883) Formula Scoring, Basic Theory and Applications. Report 83-1, Model
Based Measurement Laboratory, Champaign: University of lllinois.
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TITLE: New Tools for New Tests

PRINCIPAL INVESTIGATOR: Michael V. Levine
University of lllinois
Department of Educaticinal Psychology
(217) 333-2186

R&T PROJECT CODE: 4421562
CONTRACT NO: N0001480J1958
CURRENT END DATE: 14 APR 1993

Objective:

Two general approaches for modelling multidimensional performance on cognitive tasks
are being developed: Maximume-likelihood (MFS) and algebraic (AFS) formula-score
theories. MFS will be a tool for checking hypotheses about information processing on
complex tasks. Abstract manifolds from AFS will be a vehicle for obtaining
representations of performance. The computer algorithms for both approaches are to be
refined.

Approach:

A variety of constraints suggested by cognitive process models in specific task domains
are being explored to reduce the estimation space for item response functions. These
include smoothness constraints, monotonicity constraints, and explicit functional form
constraints for task domains with sufficiently strong psychological theory. Initial work on
AFS will explore low-dimensional parameterizations of test manifolds, improvements to
numerical algorithms, and exploration of the viability of the AFS approach for specific
modelling applications.

Progress:

It has been shown that manifolds for the most commonly used multidimensional test
models, the "cylindrical models" have special properties that can be experimentally tested.
Additionally, an algorithm for solving the functional equations for two-dimensional
cylindrical models has been found. As a result the essentially unique item response
functions from cylindrical manifolds can now be computed.
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TITLE: Polychotomous Measurement for ASVAB

PRINCIPAL INVESTIGATOR: Michael V. Levine
University of lllinois
Department of Educational Psychology
(217) 333-0092

R&T PROJECT CODE: 4428020
CONTRACT NO: NO0001489K0059
CURRENT END DATE: 14 FEB 1991

Objective:

This research is integrating, contrasting and evaluating extant polychotomous models.
Parametric models under study include Bock’s nominal model, Samejima’s model, and
Thissen’'s model. Nonparametric models include Levine's formula-score theories,
Samejima’s condition; PDF methods, and Sympson’s polyscore approach.

Approach:
There are three lines of attack: Refinement of methods, conceptual integration, and
empirical comparison with simulated and real data.

Progress:

Initial work has focused on the three parametric approaches and on Levine's maximum-
likelihood formula score approach (MFS). All models were fit to both ASVAB and SAT
data sets. For ASVAB data Samejima’s parametric model fit quite well; some lack of fit
was apparent in the simpler models. In contrast, none of the parametric models
adequately fit the SAT data. The nonparametric model MFS provided a good fit to both
the ASVAB and SAT data.

Outside Funding:
Funds for this project are provided by ONT Code 222.
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TITLE: Dealing with Uncertainty in Item-Response Theory

PRINCIPAL INVESTIGATOR: Robert J. Mislevy
Educational Testing Service
(609) 734-1271

R&T PROJECT CODE: 4421552
CONTRACT NO: N0001488K0304
CURRENT END DATE: 30 APR 1990

Objective:

Theory and approximations will be developed for a Bayesian approach to model-based
test theory, including techniques to obtain marginal distributions of item and person
parameters. The framework will be extended to collateral information about persons and
tasks, to data gathered in complex population sampling designs, and to test theory
models based on cognitive concepts such as knowledge structures and strategy choice.

Approach:

A model-based test theoretic approach in the extended sense described above will be
developed within the paradigm of Bayesian inference. Because conjugate priors are not
available for IRT and other nonlinear test theory models , investigators will explore
approximations including those proposed by Lindley, Rubin, Lewis, and others. The
techniques will be illustrated with a variety of applied testing problems.

Progress:

A recent paper examined the use of collateral information on examinees in calibration
studies to improve precision of item-parameter estimates. In all cases examined expected
precision improvements were obtained. Additionally, in certain circumstances item-
parameter estimators were shown to be biased unless collateral information is used.

Report:

Mislevy, R.J. & Sheehan, K.M. (1989) The role of collateral information about examinees
in item parameter estimation. Psychometrika, 54, 661-679.
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TITLE: Discrete-State Item-Response Models

PRINCIPAL INVESTIGATOR: James A. Paulson
Portland State University
Department of Psychology
(503) 464-3923

R&T PROJECT CODE: 4421550
CONTRACT NO: NO0001487K0280
CURRENT END DATE: 30 APR 1990

Objective:

This work is examining new approaches for estimating and validating latent-class models.
In previous work the investigator made effective use of the EM algorithm to estimate these
models in unconstrained and in a variety of constrained situations. In this work, he is
developing a framework for incorporating a monotonicity constraint when appropriate.

Approach:

(a) A test statistic for monotonicity is being developed, and its sampling distribution is
being studied. (b) Alternatives to monotonicity are being explored for those situations
in which it fails. One approach under study would add additional states to the model.
Partially-ordered hierarchical models are also being examined. (c) Links between these
discrete-state models and widely studied continuous-state models are being examined.
In particular, this approach is being compared with the Bock and Aitkin approach.

Progress:

In general the set of optimal statistics for classifying examinees into latent classes is a set
of linear formula scores, one for each latent class. However, if certain homogeneity
conditions hold, the optimal statistics are unweighted sums of item scores. Recent work
examined the cost of using the simpler statistics when these homogeneity conditions are
violated.
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TITLE: Multidimensional item Response Theory Applied to
Practical Testing Problems

PRINCIPAL INVESTIGATOR: Mark D. Reckase
American College Testing Program
Test Development Division
(319) 337-1000

R&T PROJECT CODE: 4421556
CONTRACT NO: NO0001489J1908
CURRENT END DATE: 30 APR 1992

Objective:

Develop a practical methodology for analyzing test items that require more than one
cognitive ability to achieve a correct response. Issues under study include: (a) estimating
item parameters, (b) linking the scales of item parameter estimates from various analyses,
(c) equating scales of vector ability parameter estimates and of composites of the
elements of the ability vectors, (d) technical specifications for tests that assess multiple
abilities, and (e) multidimensional adaptive testing.

Approach:

(a) Estimates of standard errors and statistical bias will be used to determine the optimal
characteristics of samples used to obtain item parameter estimates. (b) Marginal
maximum likelihood procedures will be evaluat:d for parameter estimation. (¢) The
Stocking and Lord procedure will be consider. . as a model for linking the scales of
parameter. (d) Equating methodologies will be evaluated with empirical studies on ACT
assessment data.

Progress:

(a) Methods have been determined to gauge the parallelism of tests that assess multiple
cognitive dimensions. (b) New procedures have been developed to assess the reliability
of tests measuring multiple dimensions.

Report:
Reckase, M.D. (1990) Adaptive testing: The Evolution of a Good idea. Education
Measurement Issues and Practice, 8, 11-16.
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TITLE: Further Advancement of Latent Trait Theory and
Challenge to the Multiphase Response

PRINCIPAL INVESTIGATOR: Fumiko Samejima
The University of Tennessee
Department of Psychology
(615) 974-6846

R&T PROJECT CODE: 4421549
CONTRACT NO: N0001490J1456
CURRENT END DATE: 31 DEC 1992

Objective:

The objective of this work is to extend the theoretical foundations of latent-trait theory.
This includes: (a) improvements to modelling techniques, (b) the development of a
framework for studying the validity of items and tests as a function of ability, (c) the
development of efficient multidimensional modelling techniques, and (d) the extension of
latent-trait theory to modeliing the details of performance on tasks involving sequences
of behavior.

Approach:

(a) The Pr's Differential Weight Procedure will be refined and tested. (b) The usefulness
of approximations derived from results for multidimensional models of continuous
responses wiil be examined. And, (c) a variety of ways to conceptualize an item’s (and
a test’s) local validity will be examined.

Progress:

A new approach for modelling the operating characteristics of discrete responses to test
items has been developed (i.e., the differential-weight procedure). Initial indications are
that it is a substantial improvement over the familiar simple-sum procedure when the
response functions are steep and the data are sparse.

Report:

Samejima, F. (1990) Content based observation of informative distractors and efficiency
of ability estimation. (Tech Rep 90-1), Knoxville, TN: University of Tennessee.
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TITLE: Foundations of Multidimensional ltem-response Theory.

PRINCIPAL INVESTIGATOR: William F. Stout
University of lliinois
Department of Statistics
(217) 333-6218

R&T PROJECT CODE: 4421548
CONTRACT NO: N0001480J1940
CURRENT END DATE: 14 APR 19393

Objective:

This work is further developing the foundations of item response theory for
multidimensional data sets. This includes: (a) exploration of the theoretical relationship
between a conditional-association notion of dimensionality and Stout’s notion of the
essential dimensionality of a data set, (b) exploration of the implications of the Suppes
and Zanotti Common Causes Theorem for multidimensional |RT modelling, (c)
development of a framework for studying issues of test bias based upon the notion of the
essential dimensionality of a test, and (d) exploration of alternative dependence structures
for multidimensional modelling.

Approach:

(@) Stout’s notion of the essential dimensionality of a data set is being refined and
extended, and the relationship between it and Holland’s notion of conditional association
is being studied. (b) The notion of test bias is being cast within the essential
dimensionality framework in order to gauge when group differences are likely to be
troublesome. (¢) New notions of the reliability of a test are being explored. And, (d)
models based upon sequential dependence structures are being examined.

Progress:

Substantial progress has been made on three issues: characterization and assessment
of the essential dimensionality of a test, characterization and assessment of test bias, and
foundational work on the estimation of ability.

Report:
Stout, W. (1990) A new item response theory modelling approach with applications to
unidimensional assessment and ability estimation. Psychometrika, 55.
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TITLE: Improved Scoring for Tests and Criteria

PRINCIPAL INVESTIGATOR: James B. Sympson
Navy Personnel Research and Development Center
(619) 553-7610

R&T PROJECT CODE: 4421554
CONTRACT NO:
CURRENT END DATE: 30 SEP 1990

Objective:

Develop new item-selection and performance-modelling techniques which have the
potential for increasing the reliability and validity of tests and criteria. Although emphasis
will be given to modelling multicategory data, attention will also be given to exploiting
information in response times.

Approach:

First, Sympson's polyweighting procedures will be compared to number-correct and IRT-
based scoring using both simulation and Navy data. Second, Sympson’s Model 8 will be
adapted for use in modelling dichotomous (right-wrong) item responses. Third, a new
procedure for gauging IRT-model goodness-of-fit will be developed. Fourth, analyses will
be conducted to determine whether test scores that are functions of both accuracy of
response and speed of response can increase test reliability and validity. Finally, work
aimed at improving the scaling of criterion measures will explore the viability of applying
polychotomous scoring to these measures.

Progress:

(@) An empirical comparison of polyweighting, number-correct scoring, and dichotomous
IRT scoring has been completed. (b) A portable computer program for linear
polychotomous item analysis was developed. (c) A portable computer program for fitting
a 5-parameter dichotomous IRT model was developed. (d) A new IRT-model goodness-
of-fit procedure was developed and applied to Navy data. (e) A new instrument for
collecting polychotomous job-performance data for the Navy EM rating was developed.
(f) A comprehensive literature review was undertaken and is nearing completion.

Report:

Sympson, J. B. (1990) Improving Scoring for Personnel Tests. Proceedings of the
international Personnel Management Association Assessment Council (IPMAAC) 1990
Conference on Personnel Assessment.
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TITLE: Advancement of the Theory of IRT-based Error
Diagnostic Testing.

PRINCIPAL INVESTIGATOR: Kikumi K. Tatsuoka
Educational Testing Service
Model-based Measurement Research Group
(609) 734-1045

R&T PROJECT CODE: 4421559
CONTRACT NO: NO0001490J1307
CURRENT END DATE: 30 JUN 1992

Objective:

The objective of this work is to extend the Rule Space approach to diagnostic testing in
three important areas: (a) a coherent approach to test item construction/ selection/
evaluation will be developed; (b) a more powerful approach to classifying response
patterns will be sought; and (c) techniques for modelling "bug migrations" will be explored.

Approach:

(@) The investigators’ approach to the item construction/selection issue involves
constructing stochastic models of item subtask performance. Their initial approach views
item subtasks as know entities. (b) The focus of attention for increasing the power of
classification procedures will be on methods which avoid the multivariate Normality
assumption employed in discriminant analysis. Methods such as kernel density
estimation and the k-nearest-neighbor method will be explored initially. (c) Work on
identifying and modelling "bug migrations" will employ combinatorial analyses of response
patterns to detect phase changes.

Progress:

(@) A detailed empirical validation study of the rule-space diagnoses in the fraction-
arithmetic domain has been completed. Results indicated that rule-space is an effective
tool for routing students to remedial instruction. (b) Results of a second study confirmed
the robustness of the rule-space classification scheme to violations of the normality
assumption.

Report:

Tatsouka, K.K. (1990) Toward an integration of item response theory and cognitive error
diagnosis. In Fredriksen, N. et al. (eds) Diagnostic monitoring of skill and knowledge
acquisition. Erlbaum.
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TITLE: The Implications of Multidimensionality for Item-
Response-Theory Applications

PRINCIPAL INVESTIGATOR: Ming-mei Wang
Educational Testing Service
Research Department
(609) 734-1933

R&T PROJECT CODE: 4421561
CONTRACT NO: N0001490J1970
CURRENT END DATE: 14 APR 1992

Objective:

This work has three main objectives: (a) to understand the relationships between
estimated multidimensional models and their estimated unidimensional counterparts; (b)
to develop methods for empirically assessing the "strength” of multidimensionality in terms
of the conditional dependence among items; and (c) to provide a framework for
evaluating the effectiveness of unidimensional versus multidimensional modeling in testing
applications.

Approach:

(a) A detailed analysis of the model-based explanations for differential item functioning is
being conducted with emphasis on the issue of multidimensionality. (b) The effects of
multidimensionality on test equating and the interpretability of equated scores are being
addressed in terms of characteristics of equating samples. (c) The relationship between
characteristics of a multidimensional item pool and the efficiency of unidimensional
adaptive testing is being studied. And, (d) an effective item selection strategy is being
devised with the aid of multidimensional item response functions.

Progress:
An analytical framework based on the linearity of item logit scores for the usual
compensatory logistic item response model was defined. Within this framework, algebraic
relationships between unidimensional estimates and true multidimensional parameters
were derived. The implications of this relationship on various testing applications are
discussed.

Report:

Wong, M.M. (1990). Unidimensional versus Multidimensional Modeling for Test
Development. (Tech. Rep.) lowa City, IA: University of lowa.
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TITLE: Bayesian Inference in Factor Analysis

PRINCIPAL INVESTIGATOR: George Y. Wong
Sloan Kettering Institute

R&T PROJECT CODE: 4421536
CONTRACT NO: N0O001485K0485
CURRENT END DATE: 31 AUG 1980

Objective:

This effort is extending previous work on Bayesian approaches to factor analysis. A
framework for characterizing the moments of the marginal posterior distributions of the
factor loadings, factor scores, and uniqueness variances is being developed; expressions
for estimation errors are being derived and compared with those obtained under
maximum-likelihood and Bayes-joint-modal approaches; and the sensitivity of the
marginal moments to variations in the prior distributions is being examined. In addition
these marginal procedures are being extended to the study of oblique factor models, of
models with a priori zero factor loadings, and of simultaneous factor models.

Approach:

This work is employing a combination of theoretical development of the techniques and
Monte Carlo simulation to check the performance of the techniques under controlled
conditions. A central element of this research involves approximating the marginal
moments of the posterior distributions of factor loadings, factor scores, and uniqueness
variances. Techniques based upon an extension of the so-called Tiao-Zellner expansion
and refinements of the EM algorithm are being explored.

Progress:

An unsettled question in Bayesian normal linear analysis concerns the form of the
marginal distribution of parameters which are jointly poly-t. In a recent paper investigators
established that in general these marginal distributions are not poly-t. Sufficient conditions
for these marginals to be poly-t were provided and a variety of special cases were
considered.

Report:

Wong, G.Y. (1990) Characterizing marginal distributions of a poly-t vector with
applications to Bayesian linear modelling. (Biometric Laboratory Report) New York, NY:
Memorial Sloan-Kettering Cancer Research Center.
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VISION AND VISUAL ATTENTION




TITLE: Studies of Contour and Surface Segmentation in
Monkey Stiiate Cortex using Voltage Sensitive Dyes

PRINCIPAL INVESTIGATOR: Gary G. Blasdel
Harvard College
Department of Neurobiology
(617) 732-1214

R&T PROJECT CODE: 4429005
CONTRACT NO: N0001483J1953
CURRENT END DATE: 07 MAY 1892

Objective:

The objectives of this research are to: (1) determine the extent to which striate cortex
neurons are sensitive to the distinction between contour edges and surface edges; (2)
to explore the anatomical and topological organization of striate cortex cell groups
categorized on this basis.

Approach:

Extracellular single unit recordings in monkey striate cortex will be used to determine
response selectivity to surface and contour edges in response to a variety of visual
stimuli. Optical imaging with voltage-sensitive dyes will be used to map patterns of
cortical activity in response to visual stimuli optimized for distinguishing contour-edge and
surface-edge sensitive regions.

Progress:

Single unit recordings from the macaque primary visual cortex now confirm the principal
investigator’s view that neurons within cytochrome oxydase blobs respond most
effectively to surface teatures of objects, such as color or textire, while cells ouiside these
blobs (and within orientation columns) are optimally responsive to object edges. This
pattern of results provides important clues regarding how the visual system distinguishes
objects from background and identifies object properties.

Report:
Blasdel, G.G. (1989) Visualization of neuronal activity in monkey striate cortex. Annual
Review of Physioloqy, 51, 561-581.
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TITLE: Neurophysiological Implementation of a Scheme for
Visual Selective Attention

PRINCIPAL INVESTIGATOR: John Duncan
Cambridge, England
Applied Psychology Unit

R&T PROJECT CODE: 4424240
CONTRACT NO: NO00014S0MP24005
CURRENT END DATE: 01 OCT 1990

Objective:

The aim of this collaborative research effort is to examine three questions fundamental to
our understanding of the neural basis of visual selective attention: (1) What is the brain
locus and functional character of template, or preexisting internal description, that guides
tne momentary focus of visual attention? (2) How do simultaneous inputs interact
competitively to produce a single attentional focus, and (3) How does attention modulate
activity in different ext astriate areas in order to enable the preferential processing input
from multidimensional (color, form, motion) stimulus objects?

Approach:

Single unit recording techniques will be used to examine patterns of activity in a variety
of extrastriate cortical regions (V2, V3, V4) during attention demanding tasks in which alert
behaving monkeys are presented with multiple simultaneous visual stimuli, only one of
which they are trained to attend on any given trial.

Progress:

Cells in area V4 of the extrastriate cortex which code a sample stimulus (e.g., a red circle)